In East Asia (eg, Japan and China), the mortality rates for stroke were higher than in Western countries (eg, United Kingdom and United States)^[@R1]^ and represented the first and fourth leading cause of death in China^[@R2]^ and Japan,^[@R3]^ respectively. The age-standardized mortality rates (ASMRs) per 100 000 Japanese in the age group of 35 to 74 years were 385 for men and 225 for women in 1970 but were reduced to 79 for men and 41 for women in 1994 to 1998. The decline rates for stroke were 80% and 82% for Japanese men and women, respectively.^[@R1]^ In China, however, the mortality rates from stroke were still excessively high for both men and women in 1994 to 1998; and the ASMRs per 100 000 Chinese aged 35 to 74 years were 230 for men and 151 for women.^[@R1]^ Moreover, despite the general declination of stroke mortality rate in China, it temporarily rebounded after 2006 and increased from 102.44 per 100 000 to 125.56 (a 26.6% increase) in the urban population between 2003 and 2013.^[@R4],[@R5]^ Therefore, it is still important to identify the controllable risk factors targeted by preventive strategies and health-care management that lead to a larger decrease in stroke mortality trends in Japan compared with China.

Several epidemiological studies concluded that high sodium intake was positively associated with risk of stroke.^[@R3],[@R6]--[@R9]^ An average increase of 86 mmol/d of sodium intake (equivalent to ≈5 g of salt) was associated with a statistically significant 23% increase in stroke risk in a meta-analysis of prospective studies.^[@R9]^ Other studies also showed that sodium reduction could decrease the risk of stroke via decreasing the blood pressure and body fluid volume.^[@R10],[@R11]^ Salt intake that met the recommended maximum intake in the Dutch population was associated with a 5.8% decrease of stroke incidence.^[@R11]^

The World Health Organization recommends \<5 grams of salt per day (g/d; equivalent to 2 g of sodium daily) for average daily intake for adults,^[@R12]--[@R14]^ whereas the salt intake level is usually between 9 and 12 g in many countries.^[@R15],[@R16]^ Excessive sodium intake in 2010 caused 1.65 million deaths worldwide.^[@R17]^ In Japan, the mean salt intake was markedly high in the 1950s to 1960s.^[@R10],[@R18]^ For example, the salt intake of residents in the Tohoku District (1950s) was 25 to 30 g/d.^[@R10]^ In China, the INTERSALT (International Study on Salt and Blood Pressure) showed that the dietary salt intake in Tianjin was 15 g/d in 1988.^[@R19]^

None of the existing studies on stroke mortality attributable to high sodium intake had explored differences between age-groups and all of them lacked comprehensive analyses of the possible reasons underlying the long-term trends. Therefore, we aimed to focus on the comparison of stroke mortality attributable to high sodium intake in China and Japan during the period between 1990 and 2016. We analyzed the independent effects of chronological age, time period, and birth cohort and the temporal trends by an age-period-cohort model (APC) with an intrinsic estimator algorithm, using data from the GBD study (Global Burden of Disease) 2016.

Methods
=======

GBD Study 2016
--------------

The GBD 2016 is a large international cooperation project directed by the Institute for Health Metrics and Evaluation and is the world's most comprehensive data of surveys, censuses, vital statistics, and other health-related data. The data can be used, shared, modified, or built on via the Open Data Commons Attribution License.^[@R20]^ Data are available at the GBD Data Tool repository and can be accessed at <http://ghdx.healthdata.org/gbd-results-tool>. The study provides a comprehensive estimation of risk-specific mortality rates for 84 risk factors of death (including behavioral, metabolic, environmental, and occupational risks) and internally consistent estimates of age- and sex-specific mortality rates for 264 causes of death on the national, regional, and global scales from 1990 to 2016.^[@R21],[@R22]^ In the GBD 2016, data on stroke mortality were collected from the Disease Surveillance Points, the Maternal and Child Surveillance System, and the Chinese Center for Disease Control and Prevention Cause of Death Reporting System in China, and from the Social Health Insurance System in Japan.^[@R23],[@R24]^ Stroke morbidity and mortality were diagnosed and defined based on the World Health Organization clinical criteria and the *International Statistical Classification of Diseases*, *Ninth and Tenth revisions* and Related Health Problems.^[@R25]^ In the GBD data, high sodium intake was defined as 24-hour urinary sodium \>5 g/d. The estimation of attributable burden was based on 4 key components: the metric of burden being assessed (such as a number of deaths), the exposure levels for a risk factor, the relative risk of a given outcome because of exposure, and the counterfactual level of risk factor exposure. Estimates of high sodium intake-attributable stroke mortality were equal to the total number of stroke deaths multiplied by the population attributable fraction for the risk-outcome pair for a given age, sex, location, and year. The population attributable fraction represents the proportion of stroke deaths that would be reduced in a given year if the exposure to high sodium intake in the past were reduced to the counterfactual level of the theoretical minimum risk exposure level (=24-hour urinary sodium between 1 and 5 g/d).^[@R26]^ The sex-specific temporal trends of high sodium intake-attributable stroke mortality rates for males and females in China and Japan, one of 84 risk factors in the GBD 2016 data, were age-standardized by the GBD 2013 global age-standard population in each country.^[@R7]^

Statistical Analyses
--------------------

Mortality rates represent not only death risks experienced by the population in a particular year but also the accumulation of health risks since birth. An ordinary statistical analysis could not accurately assess these death/health risks.^[@R27],[@R28]^ Therefore, an APC framework was used to evaluate the contributions of age, period, and cohort effects on high sodium intake-attributable stroke mortality. The age effect represents the social and biological processes of aging.^[@R21]^ The period effect reflects events and changes over time affecting high sodium intake-attributable stroke mortality in all age groups (eg, preventive measures, new medical procedures, or modifications to certification practices). The cohort effect is related to the differences in high sodium intake-attributable stroke mortality between each generation of individual groups because of risk factors and environmental exposures shared by each generation.^[@R29]--[@R32]^

Using APC analysis, the following functions were estimated^[@R33]^: (1) The net drift; the overall log-linear trend by calendar period and birth cohort that indicates the overall annual percentage change. (2) The local drifts; the log-linear trend by calendar period and birth cohort for each age group that indicates annual percentage changes for each age group. (3) The longitudinal age curves which show the fitted longitudinal age-specific rates in the reference cohort adjusted for period deviations. (4) The cohort (or period) rate ratios (RR) which represent the cohort (or period) relative risk adjusted for age and nonlinear period (or cohort) effects in a cohort (or period) versus the reference one.

To estimate the age, period, and cohort effects, the age-specific stroke mortality attributable to high sodium intake was recoded into consecutive 5-year periods from 1990 to 2016 and successive 5-year age groups from 25 to 29 years to 75 to 79 years. Since high sodium intake-attributable stroke mortality is rare below the age of 25 years, and all individuals aged 80 years or older were recorded as one age group in the GBD database, participants aged \<25 or ≥80 years were excluded from the analyses.

To address the problem of identification of the model parameters (perfect collinearity of the age, period, and cohort variables), the intrinsic estimator method was used to conduct the APC analyses.^[@R29]^

Estimable parameters were obtained using the APC Web Tool (Biostatistics Branch, National Cancer Institute, Bethesda, MD; <https://analysistools.nci.nih.gov/apc/>).^[@R33]^ The central age group, period, and birth cohort were defined as the reference in all analyses.^[@R28]^ Wald χ^2^ tests were adopted to test for significance of the estimable functions. To assess the statistical significance of the slopes for the period/cohort RRs, general linear models were used to evaluate the interaction terms between sex and calendar year/birth cohort. SAS Version 9.4 software (SAS Institute Inc, Cary, NC) was used to conduct the statistical analyses. All statistical tests were 2-tailed and *P*\<0.05 were regarded as significant.

Results
=======

Our study included 2 585 783 Chinese stroke cases (1 540 016 men and 1 045 767 women) and 105 201 Japanese stroke cases (66 820 men and 38 381 women) aged 25 to 79 years from 1990 through 2016. The ASMRs of high sodium intake-attributable stroke mortality for both sexes in China were higher than those in Japan (*P* for difference \<0.05 for all time points). The decreasing trends of the ASMRs for high sodium intake-attributable stroke mortality by sex in China and Japan are shown in Figure [1](#F1){ref-type="fig"}. The ASMRs per 100 000 declined from 106.6 in 1990 to 47.8 in 2016 for men and from 79.7 to 24.8 for women in China and from 30.8 to 9.1 for Japanese men and from 18.4 to 3.6 for Japanese women.

![Trends of the age-standardized mortality rates (ASMRs) per 100 000 population for high sodium intake-attributable stroke mortality by sex in China and Japan, 1990--2016. Standardized to the GBD 2013 (Global Burden of Disease Study 2013) global age-standard population.](str-50-1648-g001){#F1}

Figures [2](#F2){ref-type="fig"} and [3](#F3){ref-type="fig"} show the net drifts and local drifts for high sodium intake-attributable stroke mortality in China and Japan, respectively. From 1990 through 2016, the overall net drifts per year were −3.1% (95% CI, −3.3% to −2.9%) for Chinese men and −5.0% (95% CI, −5.2% to −4.8%) for Chinese women and −4.6% (95% CI, −4.9% to −4.3%) for Japanese men and −5.7% (95% CI, −6.1% to −5.3%) for Japanese women (*P*\<0.01 for all). Although the local drift values were below zero in all age groups for both sexes and both countries, the curves of local drifts for high sodium intake-attributable stroke mortality across the age groups for both sexes in Japan showed downward trends, especially for Japanese women (from −4.7% for the age group 25--29 years to −8.1% for women aged 75--79 years). However, those for Chinese women indicated upward trends (from −5.3% for women aged 25--29 years to −4.3% for women aged 75--79 years). All local drift values of female participants were below their counterparts of male participants.

![Local drift with net drift values for high sodium intake-attributable stroke mortality in China. Age group-specific annual percent change (local drift) with the overall annual percent change (net drift) in high sodium intake-attributable stroke mortality rate. Net drift values are depicted as solid lines with dashed lines representing their 95% CIs. Error bars represent the 95% CIs for the local drift values.](str-50-1648-g002){#F2}

![Local drift with net drift values for high sodium intake-attributable stroke mortality in Japan. Age group-specific annual percent change (local drift) with the overall annual percent change (net drift) in high sodium intake-attributable stroke mortality rate. Net drift values are depicted as solid lines with dashed lines representing their 95% CIs. Error bars represent the 95% CIs for the local drift values.](str-50-1648-g003){#F3}

The longitudinal age curves of high sodium intake-attributable stroke mortality by sex and country are illustrated in Figure [4](#F4){ref-type="fig"}. In the same birth cohort, high sodium intake-attributable stroke mortality rates per 100 000 increased rapidly to peak at the life stage of 75 to 79 years old for both sexes in China; rates climbed from 3.0 in men aged 25 to 29 years to 232.5 in the age group of 75 to 79 years, and from 3.4 to 121.7 for Chinese women in the respective age groups. However, those for Japanese men were slowly rising from 0.8 in the age group of 25 to 29 years to 40.2 in men aged 75 to 79 years and from 0.6 to 13.3 for Japanese women in the respective age groups.

![Longitudinal age curves of high sodium intake-attributable stroke mortality in China and Japan. Fitted longitudinal age-specific rates of high sodium intake-attributable stroke mortality (per 100 000 person-years). Error bars represent the 95% CIs for the longitudinal age curve values.](str-50-1648-g004){#F4}

The estimated period and cohort RRs by sex and country were shown in Figures [5](#F5){ref-type="fig"} and [6](#F6){ref-type="fig"}. The period RRs all followed downward patterns for both sexes and in both countries, with quicker declination for women than for men during the whole period. However, high sodium intake-attributable stroke mortality risk of Chinese was lower than that of Japanese before the year 2000; then opposite findings emerged afterward. Similarly, the cohort RRs were also found to show monotonic decreasing patterns for both sexes in both countries in all successive cohorts, especially for Japanese females. The cohort RRs declined from 3.3 in 1915 to 0.3 in 1990 for Chinese men and from 4.9 to 0.1 for Chinese women and from 6.7 to 0.2 for Japanese men and from 14.3 to 0.1 for Japanese women. In addition, based on the specific results of Wald tests (Table I in the [online-only Data Supplement](https://www.ahajournals.org/doi/suppl/10.1161/STROKEAHA.118.024617)), the cohort and period RRs were statistically significant for both sexes in both countries (*P*\<0.001 for all) and so were the net and local drifts.

![Period relative risks (RRs) of high sodium intake-attributable stroke mortality rate by sex in China and Japan. The relative risk of each period compared with the reference one (year 2000) adjusted for age and nonlinear cohort effects. Error bars represent the 95% CIs for the period relative risks.](str-50-1648-g005){#F5}

Discussion
==========

A clear downward trend of the ASMRs was observed for stroke mortality attributable to high sodium intake among Chinese and Japanese during the period 1990 to 2016. The curves of the net and local drifts were all below zero in all age groups of both sexes in both countries. We also found that the longitudinal age curves of high sodium intake-attributable stroke mortality for both sexes increased rapidly in China but slowly in Japan. The period RRs---indicating a decline in high sodium intake-attributable stroke mortality in all age groups regardless of age and birth cohort effects---and the cohort RRs---indicating a more substantial reduction in stroke mortality among younger generations regardless of the age and period effects---were found to have similar downward patterns for both sexes in both countries, with more quickly declining trends for women than for men.

High sodium intake was associated with an increased risk of stroke mortality in both countries.^[@R34],[@R35]^ Suggested mechanisms include (1) Persistent hypertension which occurs when dietary sodium intake is too high to be adequately excreted.^[@R36]^ Also, the normal circadian rhythm of blood pressure follows the pattern of dipping from day to night; thus, elevated blood pressure due to high sodium intake is most likely to start during sleep.^[@R37]^ Then, nocturnal hypertension can increase the risk of stroke mortality.^[@R37],[@R38]^ (2) Another possible mechanism is the salt-mediated vascular oxidative stress resulting in vascular injury and, eventually, stroke.^[@R39]^

The daily sodium intake in Japan and China was the highest in the world and started to decrease gradually from 25 to 30 g in 1960^[@R10]^ to 10.0 g in 2015^[@R40]^ in Japan and from 15 g in 1988^[@R19]^ to 4.7 g in 2009^[@R41]^ in China. Therefore, the ASMRs for high sodium intake-attributable stroke mortality showed decreasing trends from 1990 to 2015 in both Japan and China.

In the current study, the curves of local drifts for high sodium intake-attributable stroke mortality showed a more substantial yearly decline for older than younger participants, except for Chinese women. According to a study of 24-hour urinary sodium excretion in adults aged 18 to 69 years, the mean salt intake (13.7 g/d) among younger Chinese women aged 40 to 49 years was slightly higher than that (12.6 g/d) among older Chinese women aged 60 to 69 years.^[@R42]^ Whereas the mean salt intake for Japanese women in the same respective age categories was 9.5 g/d for the age group of 40 to 49 years and 10.4 g/d for the age group of 60 to 69 years.^[@R40]^

Japanese were reported to have a higher smoking prevalence among men,^[@R40]^ higher salt intake,^[@R10]^ and higher mean systolic blood pressure^[@R40]^ than Chinese.^[@R19],[@R43],[@R44]^ Therefore, in general, they were at higher risk for stroke than Chinese. After the year 2000, however, several strategies have been applied in Japan to control for the high stroke mortality, including the reduction of salt intake. A study on the trends in sodium intake among Japanese men and women from 1995 to 2016, using data from the National Health and Nutrition Surveys, reported the highest annual decrease in salt consumption, 3.7%, around the year 2000 (from 1999 to 2002). However, it also showed 2 significant breaks in the declining trend: only a 1.1% reduction in salt intake was observed from 1995 to 1999 and 1.2% from 2002 to 2016.^[@R45]^ This might partly explain the findings of the current study, indicating that the period and cohort effects of high sodium intake-attributable stroke mortality were higher in Japan than in China before the year 2000 and for cohorts born before 1945, but this trend reversed afterward.

Age is the most important demographic risk factor for stroke.^[@R2]^ In an APC analysis in Japan, stroke mortality showed a dose-response pattern with increasing age.^[@R46]^ Also, another APC analysis in China found that \>70% of stroke mortality happened in Chinese aged ≥65 years and \>80% of that occurred in Chinese aged ≥60 years.^[@R2]^

Sex differences were also reported in both sodium intake levels and the effects of high salt consumption on the risk of stroke mortality. Urinary sodium excretion was higher in Northern Chinese men (247 mmol/d) than in women (218 mmol/d).^[@R47]^ Similar findings were found in Japan; 211 mmol/d in Japanese men versus 186 mmol/d in Japanese women.^[@R1]^ In the Japanese cohort study of Takayama, the significantly increased risk of stroke mortality across tertiles of sodium intake was evident among men, whereas the increased risk among women did not reach statistical significance.^[@R48]^ Our findings showed that the decline in high sodium intake-attributable stroke mortality was faster in women than in men.

This is the first study to show the temporal trends of stroke mortality attributable to high sodium intake, to analyze the effects of APC, and to focus on a comprehensive comparison between China and Japan. Data of the GBD 2016 have provided internally consistent estimates of age- and sex-specific all-cause and cause-specific mortality, which had sufficient quality to reduce the possibility of misclassification of outcomes. However, there are several limitations to this study. First, because the GBD data were generated by systematic reviewing and synthesizing of published and unpublished data, sodium intake in some data was not directly measured and may have substantial potential residual confounding. However, the GBD data estimated high sodium intake distribution for the year, sex, age group, and relative risks per unit of exposure and was a more comprehensive system of risk analysis than any previous global or national analysis which could assess the changes in high sodium burden.^[@R49]^ Second, because the period and age intervals should be fixed and equal in the APC tool, people aged ≥80 years could not be analyzed in this study because they were recorded as one group only in the GBD database. However, some studies confirmed that the stroke mortality rate among those aged ≥80 years is decreasing in a similar pattern.^[@R2],[@R50]^ Third, we did not analyze the data for those aged 0 to 25 years because stroke mortality attributable to high sodium intake was negligible in this group. Fourth, we could not analyze the chronological age, time period, and birth cohort of ischemic stroke and hemorrhagic stroke by the APC model, because of a lack of Japanese stroke subtype data. Finally, ecological fallacy might occur, similarly to other APC analyses, because the interpretation of the study results on population level might not hold on the individual level. Therefore, further research is necessary to confirm the findings based on individual-level studies.

In summary, the ASMRs, period effects and cohort effects of stroke mortality attributable to high sodium intake in China and Japan have been declining in both sexes and all age groups from 1990 to 2016. Consequently, sodium-reduction strategies are of low cost and effective for the prevention of stroke. It is necessary to educate the nation with the correct knowledge on diet and techniques to reduce salt consumption.

![Cohort relative risks (RRs) of high sodium intake-attributable stroke mortality rate by sex in China and Japan. The relative risk of each cohort compared with the reference one (cohort 1950) adjusted for age and nonlinear period effects. Error bars represent the 95% CIs for the cohort relative risks.](str-50-1648-g006){#F6}
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